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0 Membrane separation system and method of operation. 

0 An Improved separation system and Its method of operation for the separation of solutes, colloidal particles, 
and/or suspended matter from solutions or suspenalona containing the same is disclosed. bi a preferred 
embodiment this invention Is concerned with s simple and economic membrane filtration system ttiat can be 
operated in many of ttie modes of operation of a membrane flitraflon system, especially suction bsckwashing. 
without mixing the filtrate with the feed stream. 
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MEMBRANE SEPARATION SYSTEM AND METHOD OF OPERATION 



The prssent Invention Is concerned with an improved separation system and its method of operation for 
the separation of solutes, colioklai particles, or suspended matter from solutions or suspensions containing 
the same, in a preferred embodiment this invention is concerned with a simple and economic membrane 
flHradon system that cai be operated in many of the modes of operation of a membrane filtration system 

s wittKMit misdng the fiftrals with ths feed stream. 

Separation techniques, such as reverse osmosis, ultrafiltradon and microfiKration. are widely used today 
in industry. Many advantages have been realized by employing these techniques, among which are: the 
reduction In time required for effecting separation; efficiency In separation; the use of mild operating 
conditions such as room temperature separations; the reduction In operating costs as compared to older 

10 techniques such as ev^)oration, chemical precipitation, and ultracentrifugation; and the capabirrty to 
separate spedee previously considered Inseparable. 

The present invention Is particularly concerned with membrane separations by ultrafiltration techniques, 
although it can be applied to other of the above-mentioned separation techniques. 

UltrafiltFation is a separation process wherein a solution or suspension, containing a solute, colloidal 

IS particle or suspended particle of greater dimensions than the solvent it Is dissolved in, is fractionated by 
being sut>iectBd to such pressure as to force the soh^ through a porous filter, particularfy a polymeric 
membrane (see for example USAr3.ei 5,024; U8-Ar3.526.588; US-A^.558.305; US-A-3.541,008; and US-A- 
3.548.018; ait of wIMi are herslsy incorporated herein by refisrenoe to be generally Illustralh/e of the types 
of polymeric membranes contemplated), although the filter can be of the nonpoiymeric type such as 

20 ceramic. The membranes used in uitrafiltration may be of various configurations such as hollow fiber, fiat 
sheet, spiral wound or tut>ular. Preferably, fbr the purposes of the present invention, hollow fiber polymeric 
membranes are employed. 

Membrane separation systema are usually operated in a cross-How mode %vhereby the process fluid 
flow (i s- the *feed stream' to be separated) Is tangential to the surface of the polymeric membrane. That 

25 is, the process fluid to be treated enters the separation module via the process fluid inlet, flows parallel to 
the surface of the membrane on the same side as the process fluid Iniet and outlet are located, leavee the 
separation module via the process fluid outlet and. optlonaily, is recycled back to the separation module for 
further treatment A portion of the process fluid passes through the membrane as permeate. This type of 
separation module may be used fbr various purposes such as: to concentrate a fluid. In which case the 

30 desired product is the fluid leaving the separator through the process fluid outlet; to purify a fluid. In which 
case the desired product can be the permeate or the fluid leaving the separator through the process fluid 
outlet; or to separata one or more oomponenta from a fluid. In which case the deslrsd product may be the 
fluid passing through the membrane as permeate, the fluid leaving the separator through the process fluid 
outlet the component(s) retained by the membrane, or combination thereof. 

30 During use, the side of the membrane contacting the process flidd can become fouled by material 
retained by the membrane. Such fouled membranes can be cleaned for reuse by such techniques as: 
mechamcai cleaning, for example, the removal of fouiant material by using a bmsh, rod or sponge: fast^ 
flush. I.e. the pumping of fluid across the fbuied suritee of the membrane itt high flow rate to physically 
dislodge and remove the fouiant; fast^ush with reverse flow. i.e. the pumping of fluid across the fbuied 

40 surface d the membrane at high flow rate with periodic rsversal of the flow direction to physically dislodge 
and remove the fouiant; chemical cleaning, i.e. the contacting of the fouled surfece of the membrane with a 
chemical cleaning fluid; pressure backwash, l.e. the pumping of fluid, for example permeate or water, under 
pressure through the membrane fhxn the pemneate skie to the process fluid skle such that the fluid 
physksfly diskxlges and removes fcMjlant material from the surtee of the membrane; or a oombinatton of 

46 two or mora of the above-mentkxied techniques. 

In the above-described technk^ues of tast-flush. chemical cleaning and pressure backwashing, pressure 
is usually created by means of a pump. This can give rise to hydrauSc pressure surges that cm\ damage 
the membrane. Therefore, it Is important that the fluki pressure is carefully controlled so that the pressure 
diffisrence b^ween the flukl on one side of the membrwie and that on the other Me of the membrBtm ddee 

so not exceed the maximum altowable transmembrane pressure difference for that particular membrane. The 
maximum alkiwable transmembrane pressure difference for a particular membrane is the maximum 
pressure diflbronce between opposite skies of a membrane that can be accommodated t»y the membrane 
without damage resulting. 

Ceriain mem br ane conflgurstkms wHh narrow process flukJ flow paths may become severely fouled, 
whereby the fouiam restricts or even prevents the firee fldw of process fluid across the mernb^ 
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this occurs, the fast-flush and chemical cleaning techniques may be insufficient to adequately clean the 
membrane, and mechanical cleaning and/or pressure backwashing may be required to achieve satisfactory 
cleaning. However, mechanical cleaning may be impractical for these membrane configurations because of 
their rarrow process fluid flow paths, and pressure backwashing. as discussed above, has the disadvan- 

5 tages of having to carefully control the pressure of the fluid in order to avoid damage to the membranes, 
and of the addltton of extra pumping capacity which adds to both the initfal cost of the system and to the 
overall operating cost of ttie system* 

EP-A-033S647 and EP-A-0335648 describe a system, and a method of operating such a system, that 
enables the problem of hydraulic pressure surges, leading to damaged fibers, to be avokled. A suctk>n 

10 backwash procedure is described in the above-mentk)ned patent appUcations to akJ In the cleaning of the 
membranes. To activate the suctton backwash procedure, a permeate pump Is used to draw permeate 
through the holkiw fibers by way of the process lines. While otherwise an improvement to the systems 
available heretofore, there are several problems and limitations to such a system design. Rrstly. the system 
described in EP-A<)335647 Is very complex, more costly than necessary, and requires at least two pumps 

75 of equal size, one process pump, and one permeate pump. This additk)nal pumping capacity not only adds 
cost to the initial system construction, but also increases the energy requirement during operation. 
Secondly, because the process flukl comes into contact with the permeate pump and associated penmeate 
lines, the permeate lines and penmeate pump become contanUnated with the process fluid. This limits the 
possible appDcattons of such a system design. After use of the suctkxi k>ackwash procedure, and prior to 

20 operatfcm in the standard fluid treatment mode, the system must be re<leaned and/or re-sterilized. 

An essential part of many separatkxi techniques, as in membrane filtratkm. is the ability to keep the 
flltralB separate from the feed and therefore avokl mixing the permeate wHh the process fluM. This is 
beneficial in appllcatkxts where the filtrate stream must remain sanitary, such as in food or pharmaceutical 
applications, or where the feed stream can contamlnats the filtrate, such as In waste applications. 

25 The present Inventton provides a novel, simple and economical separatfcm system that reduces the 
equipment aMor energy requirements associated with such systems and is capable of operating in many 
of the modes of operatkm of a separation system, including suction backwash, while keeping the flttrate 
stream separate from the process stream. 

Accprdng to the present invention there is provided an apparatus for conducting separations comprls- 

30 ing: 

(a) one or more separatton modules, the or each separatkm module comprising Inlet means for process 
flukl and outlet means for process fluM; 

(b) a plurality of conCkiit Junctkms connected together by a plurafity of valved conduits to form a loop for 
introducing fluid under positive pressure in both forward and reverse flow directfcm to said separation 

3S module(s) and fbr providng negative pressure on the inlet and/or outlet skle of said separation nruxiule- 
(8); 

(c) pressure means comprising an Inlet and an outlet saki Inlet being connected to one of sakd conduit 
Junctions and sakI outlet being conriected to a second of said conduit Juncttons; and 

(d) means to take off permeate from sakI separatton module(s). 

40 Aocordkig to the present invention ttiere is also provMed a method of separating solutes, collokial 
particles and/or susperKled matter from a solution or suspenskHi of such matter, whk:h comprises:- 

(a) connecting a pump to a loop comprised of four conduit junctions A, B, C and D connected togetiier 
by four valved conduits and junction A Is oonnectod to junctions 0 and C and is furttier connected to a 
valved inlet feed stream conduit and a conduit to ttie Inlet of saki pump, junction B is connected to 

45 junctions D and C and is farther connecte d to a valved discharge conduit and by conduit to ttie outiet of 
sakI pump, junction 0 Is connected to junctions A and B and is ftirttier connected by conduit to inlet 
means of one or more separation module on ttie process side, junction C Is connected to junctions 
A and B and Is further connected to outiet means of sakI separation module(s) on the process skle; 

(b) 0) pumping sakI sokition or suspenskyi into sakj valved conduit toop at conduit junction B. out of saki 
so valved conduit loop at conduit {unction 0. ttirough sakt separation nKXiule(s) and back to saU valved 

conduit loop at conduit junction C; and/or 

(Q) reversing tite flow by pumping sakI solution or s uspe n skyi into said valved conduit kx)p at conduit 
junction B, out of said vafved conduit k)op at conduit junction c. tfvough said separation modu^s) and 
back to sakJ valved conduit k)op at conduit Junction 0; 
55 (c) rscovering concentrate conlaming solutM, colk)kial particles or suspended matter and 
(d) wittidrawing permeate from saki separation module(s). 

As used herein, the term "positive pressure" refers to an increased pressure which is above the overall 
pressure In ttie apparatus, and the tanm "negative pressure" refers to a decreased pressure which Is betow 
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the overall pressure in the apparatus. In a prelerred embodiment of the invention, the posith/e pressure is 
above atmospheric pressure, and the negative pressure is below atmospheric pressure. 

The membrane separation system of the Invention can operate In many of the standard modes of 
operating a membrane separation system such as: (a) normal flow of the process side fluid during filtration; 

s (b) reverse flow of the process side fluid during fittration: (c) nonmal flow of the process side fluid during 
filtration wtth filtrate recycle, the Isolation and return of the filtrate to tfie process side; (d) reverse flow of the 
process side fMd (foring filtration with fiftrate recycle; (e) suction badcwash with the badcwash liquor exiting 
the process side fiow channels simultaneously in the normal fiow and reverse flow directions; (0 suction 
backwash with the backwash liquor exiting the process sMe fiow channel in the normal flow directton; and 

10 (g) sudton backwash with the backwash Oquor exiting the poDcess side flow channel In the reverse flow 
(firectkxt Furtfiermore. this Invention alkyws for the economk^l operation in many of the operating modes, 
especially in the suctkxi backwash mode, without requiring the suction backwash fiuM to contact and 
contaminate the filtrate fiuld with process fiuM debris. 

The process side of the membrane module is the side where the process fluid comes into contact with 

1$ the membrane surf^ TTie process flukl Is canled to the process side of the membrane module by way of 
the process fluki conduit Upon leaving the membrane module the process fluki has lost a portion of its 
solvent as permeate, and therefore as the process fluid leaves the membrane module it is more 
conc e nti ate d in the components of larger size than the pores of the membrane. As used herein, the term 
"permeate* refsrs to the stream passing through the membrane surface and the tsnm "concentrate" defines 

20 the portton of the stream exiting the membrane module on the process skie containing the retained, non- 
permeating spedes. The concentrate Is carried away fmm the module In the concentrate fluM conduit 

A separatkm module, as discussed herein, includes conventional membrane cartridges such as 
containers housing membranes within a soOd outer wall having one or moro permeate outlM. The solid 
outer wall is so spaced from the membranes as to enable the permeate to collect and surround the 

26 membrane. The cartridges can be connected with a process fluid inlet concentrate outlet and a conduit fbr 
discharge of the permeate or if no conduit for the permeate Is used, the permeate can flow into a tank 
surroundng the cartridge. A single cartridge can be used or multlpie cartridges can be connected to a 
manifokJ to aitow fbr the cartridges to be run in series andAor parallel configuration. Aitemataly, the sofid 
outer wall of the cartridge described above can be eilmlnatad. the cartridges suspended in a tank, and the 

30 permeate aikswed to ftow Into sakf tank which surrounds the membrane module or modules. The permeate 
Is then sut)sequentiy carried off. 

The present inventk)n will now be farther described with reference to the accompanying drawings. In whk:h> 
Fia. 1 is a schematic representation of a currently available system, (the prior art), operating In the 
nonnal flow mode; 

3S Ra 2 is a schematic representation of a currently available system, (the prior arQ. operating In the 
reverse flow mode; 

FIG. 3 Is a schematic representatkm of a separatkxi system accordng to the present Invention operating 
In the normal fiow mode; 

Ha 4 is a schematic representatton of a separatton system according to the present inventton operating 
40 In ttie reverse flow mode; 

RQ. 5 Is a schemata representatkMi of a separatkxi system accorcfing to the present Inventkxi operating 
in the suctkin backwash mode wHh the backwash liquor exiting the process skie fiow channels 
simultaneously ki the normal fiow and reverse flow directtons; 

RQ. 6 Is a schematic representatk)n of a separation system accon^ng to the present invention operating 
40 In the suction backwash mode with the backwash liquor exiting the process side flow channel in the 
normal flow mode; 

Fia 7 Is a schematic representatton of a separatton systsm aooording to the present invention operating 
in the sudton backwaah mode with the backwash Hquor exiting the process stoe flow channel in the 
reverse flow mode; 

so RG. 8 Is a schematto representatton of a separatton system accorcfing to copending EP-A-0335647 
operating In the nonnal flow mode; 

RQ. 9 is a schematto le pi e sent al to n of a separatton system of copendtog EP-Ar0335647 operattng in the 
suctton backwash mode with the backwash lk|uor exiting the process stoe flow charmels simultaneously 
In the nonnal flow and reverse fiow directtons; 
60 RG. 10 Is a graph of the flux rate generated during operatton of a system accorcfing to the present 
invention versus the mnning time; and 

RQ. 11 Is a graph of tfie flux rate generated during operation of a system acconfing to ttie present 
inventton versus concentration factor. 
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In Figures 1 to 7 (ike references denote like parts, and in Ffguras 8 and 9 (ike references denote like 
parts. 

Referring to Figure 3. the illustrated memt)rane separation system according to the present Invention 
places the process pump P, having an inlet PI and an outlet P2, within a network of valved conduits 
5 comprising a conduit loop connected in such a manner as to alkiw the use of at least all the operating 
modes described above, including suctkm baclcwash. while keeping the filtratB stream completely separate 
from the fieed stream. This process can best be described by the figures, and by comparing the system of 
this inventfcxi to standard membrane filtration systems. 

Figure 1 is a simpiifled schematic representatkxi of a cunently available system (the prior art) operating 
10 in the nonnnal ftow mode. (a). The process fhjkJ ftows from process lank T1. through vah/ed conduit 5, 
through pump P, having inlet P1 and outlet P2, and into a valve network containing four valves, VI to V4. 
Valves VI and V4 are open and vah/es V2 and V3 dosed. The process stream then flows through valved 
conduit 1. through conduit 8, and to the inlet of the separation module (sm). The process fluid passes 
through the separatton module, through conduit 7 as concentrate, reenters the valve network, ftows through 

15 valve V* and exHs through conduit 9. The ooncentrate can esdt the system via conduit 9 through valve V7 
(shown ctosed), return to the process tank Tl through valve ve, or a combination of both. The pressure at 
the pump discharge and the Inlet to the valve network is designated PA. while the pressure at the outlet of 
the vaNe network is designated PB. Also, the stream exiting through conduit 9 Is at tower pressure, PB. in 
all cases of standard operatton, PA Is greater than PB. The rate of ftow through the separation module is 

20 detemilned by the pressure dlff^rance across the separation module whtoh Is determined by vaNes VI and 
V4. RItratB pnaduced in the separatton module exits through conduit 10. 

The directton of the ftow shown In Ffguro 1 can be reversed by ctosing valves VI and V4 and opening 
valves \^ and This is shown in Rgure 2 whtoh Is a standard system (the prior art) operating in the 
reverse fkDw mode. (b). as compared to the system shown in Figure 1. In Figure 2 the process fluid flows 

28 into the separatton modito through conduit 7 and exits the separation moduto through conduit 8. 

The simplified schematic drawing shown in Rgure 3 depicts the inventive concept of the present 
application. The process pump Is placed within a valved conduit networic. or kMp, allowing the separation 
system to be operated in at least all the modes described above, (a) - (g), without any addlttonal valves or 
pumps. In Figure 3. the process fluid contained in tank Tl. flows through valved conduit 5. past conduit 

90 junctton A, and entere the intot of pump P at PI. As used heroin, a conduit junctton is defined as a point or 
place within a system where the flow conduits connect or converge, but not necessarily at a single point 
The process fluW Is then discharged firom pump P at P2, flows past conduit Junction B, through valved 
conduit 3. past conduit Junction 0. and through conduit 8 to the separatton module. The process fiuki flows 
through the process sUe of the moduto, rstums to the conduit toop at conduit Junction C through conduit 7 

38 as concentrate, ftows through valve V2, through conduit Junction A. whereby it Is mixed with process fluid 
fiw) tank Tl and returns back to the intot PI of the pump P. A portton of the mixed concentrata/^process 
stream may be bled off at conduit Junction B. through valve VB in conduit 9 and returned to the process 
tank Tl. The stream in conduit 9 Is at etovated pressure. PA. 

Ftow reversal to achieved by opening valves VI and V4 and ctosing valves V2 and V3. This Is depicted 

40 In Rgure 4. The process flukl ftow to Identtoal to that shown in Rgure 3 up to conduit Junction B. in the 
reverse ftow mode the process fluW ftows from conduit Junction 6 to conduit Junctton C via vahred conduit 4. 
It then ftows through conduit 7 to the separation moduto. The process fluto ftows through the process side 
of the moduto. returns to the conduit toop at conduit Junction 0 through conduit 8 as concentrate, flowe 
through valve VI and through conduit Junctton A. The remainder of the process to now identical to normal 

46 ftow. 

Rgursa 3 and 4 demonstrate the normal and reverse flow modes of operatton (a) and (b). As shown in 
these flgurse. the pemveate from the moduto can ftow via conduit 10 to a separate permeate tank. T2, or 
altemaftsly where the moduto contains no outer shea or no conduit tor the permeate, the permeate can ftow 
to a tank to whtoh the moduto to submerged (not shown). 

so The modes of operation described in Rguree 3 and 4 are simllv to those described using the 
conventtonal systems of Figures 1 and 2. However, in the system of thto invention the process stream exite 
the valve networic at higher pressure, PA. than in the conventtonal systems, where the process stream exite 
the valve network at tower pressure PB. Thto has the advantage of enabling the concentrated process 
stream to retum to a distant feed tank or reservoir for further concentratton or to be passed through a filter. 

50 such as a bag or cartridge type fHter. to remove debris from the stream, and debris removed from the 
membrane during cleaning. 

Rgure 5 deptote the system of thto inventton operating to the suctton backwash mode with the 
backwash ik^uor exiting the process skto ftow channeto stmuttaneously to the nomnal flow and reverse ftow 
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directions, (©). This is accomplished by opening valves VI. V2 and V7 and closing valves V3, V4, V5 and 
V6. The process pump P provides suction or negative pressure to the process side of the separation 
module by \vay of conduit 7 and 8. allowing filtrate to flow from tank T2, via conduit 10. through the 
membrane and into the process side of the separation module. From the process side of the separation 
module, the backwash liquor flows through conduit 7 (nomtal flow) and conduit 8 (reverse flow). The 
backwash liquor that flows through conduit 8 flows to conduit Junction 0. through conduit 1 to conduit 
junction A, into pump P via pump Inlet PI. is discharged from pump P at pump outlet P2. to conduit 
Junction B and is discharged from the system via conduit 9 and valve V7. The backwash liquor ftowing 
through conduit 7 flows to conduit Junction C, through conduit 2 to conduH junctk)n A where it Joins the 
backwash Rquor from the reverse flow as described above. When the backwash fluid exits the cartridge, it Is 
constrained to the process skto piping network. TYierefoie. fbulant plugSi and debris do not Interim or 
contaminate filtrate lines. 

Rgure 6 depicts the system of this Inventton operating in the suction backwash mode with the 
backwash lk)ua exiting the process side flow channel in the nomrml flow direction, (f). This is accomplished 
by closing all the valves except vahm \^ and V7. The backvvash liquor flows from the process skje of the 
separatkxi module via conduit 7 to conduit Junction C, via conduit 2 to conduit Junction A. into pump P via 
pump inlet PI, is discharged from pump P at pump outlet P2, to conduit junction B and is discharged from 
the system via conduit 9. This process can be rsversed and suction backwashing can take place in the 
reverse mode of operatton, (g), as shown in Figure 7 whereby aH valves are ctoeed except vahm VI and 
V7. 

For further comparison, Rgure 8 depicts a system of EP-A-0335647 in the nonmal mode of operatton, 
(a). Two pumps of equal size are required for the system to be mn, a process pump (PI) and a permeate 
pump (P2). In Figure 8, T1 represents a process tank, T2 represents a permeate tank, X represents the 
permeate outlet. Y rapresents the process fluid return, V1 to V9 represent valves, F1 to F3 represent flow 
meters, and PI refers to pressure indteators. When suction backwash is used in the system as shown in 
Figure 9. the penneato pump provides the suction or negative pressure on the fibers, draws permeate from 
the container the cartridges are submerged in. and the permeate passes through the fibers. All fbulanto, 
plugs and contaminante contained in the fibers and on the membrane surface are now exposed to the 
permeate pump and asso d ated permeate lines, causing said lines to become contaminated with process 
flukl and fbulante. As stated atx)ve, in applications such as phanmaceutlcai, dairy, or waste, this would 
necessitate the re-sterillzation or recleaning of the penneate lines and permeate pump. 

As described above, the system of the present inventton requires only a single process pump to 
operate both In itie nonmai modes of operatton and In the suction backwash mode, therefore, no cross- 
contamlnatton takes place. Besides this advantage of no crossKXTntamination, the system of the present 
inventton can be manufactured for a substantial rsductton In cost and can operate with a substantial 
rsductfon in energy consumptton as compared to the system of EP-A-0335847. 

The present inventton will now be further iUustrated by way of the foltowing Examples whtoh are fbr 
iilustrstive purposes only and are not to be oonstnied as imposing any limitation on the scope of the 
invenooru 



EXAMPI^ 1 (Comparathw) 



The cost and power requlrsmente of a system according to the present Inventton were compared to the 
cost and power requlrsmente of a system accordtog to EP-A-0335e47. The date fbr the system of the 
present inventton are presented in Tabto 1 betow as percentages of the cost and power requiremento of a 
system accorcfing to EP-A-0335647 and as illustrated in Rgurs 8 of the accompanying drawings. Each 
system was designed to produce 75.71 litres (20 galtons) a minute of high quality Altered water from a 
spedflc city water feed by using 18.58 sq meters (200 sq. fL) of an 80.000 molecuiar weight cutoff 
membrane. 
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TABLE 1 



ftofn 


Cost 
Reduction 


piping and tanks 
pumping 
total capital costs 
power required 


63% 

61.5% 
63% 
56% 



EXAMPLE 2 



A system according to the present invention, equipped wHh two types of iiolfow fiber membrane 
cartridges (Romlcon HF25-43<;M90 and HF25-43-XM50). was used to treat a metal plating waste contain- 
ing suspended solids and zina Both types of membranes gave rejection coefficients In the 98% range over 
the coira of a three day study. During this study a concentration factor of 1 250X was achieved, that Is. for 
every 4731.63 litres (1250 gallons) of feed (waste water). 4727.84 litres (1248 gallons) of flifrate were 
produced. 

The analytical data collected during this study are shown In Table 2. 

TABLE 2 



SAMPLE 


Suspended 


Zinc ppm 




Solids ppm 




feedA 


686 


32 


feedB 


1.286 


179 


CM permeate A 


ia4 


0.07 


CM permeate B 


13^ 


0.05 


CM rejection coefficient 


882% 


98.9% 


XM permeate A 


25.0 


0.18 


XMpemieateB 


132 


0.08 


XM rejection coefficient 


97.8% 


97.5% 



In Rgures 10 and 11 of the accompanying drawings the filtration rate In the form of fluxes (gailons 
filtrate/area/time, gallons/sq. fiyday) (axis -Y" In Figures 10 and ll) is shown as a function of time In Rgure 

10 (time Is given in hows and Is axis In F=lgure 10) and as a function of co n centr a tion factor In Rgure 

11 (axis "X* in Figure 11). TTw "saw tooth* pattern in both figures Is the result of the suction backwash 
operation, demonstrating how the membranes were sufficiently cleaned during processing to restore the 
filtrate rate close to Its Inltlai value without the need for a shutdown or an extsmal cleaning step. 



Ctalme 

1. An apparatus for conducting separations comprising: 

(a) one or more separation modules, the or each separation module comprising inlet means for process 
fltiid and outfet means fbr process ftiidi 

(b) a plurality of conduit junctions connected together by a plurality of valved conduits to form a loop for 
introducing fluid under posith/e pressure In both fonrard and reverse flow Erections to said separation 
module(s) and fbr providing negative pressure on the inlet andte outlet side off said separation module- 
(SX 

(c) pressuie means comprising an Inlet and an outlet said inlet being connected to one of said conduit 



EP0 427 378 A2 



Junctions and said outlet being connected to a second of said conduit Junctions; and 
(d) means to tain off permeate from said separation module(s). 

2. An apparatus as claimed In claim 1, wherein the or each separation module Is: 
0) an ultraflHration membrane separation module: or 

(H) a micrefiitration separation module. 

3. An apparatus as claimed in daim 2, wherein the or each separation module is: 

0) an ultraiiltratlon separation nrwdule containing hollow fiber ultraiiitration membranes: or 
pi) a microfiitration separation module containing hollow fiber miciafllballon membranes 
4w An apparatus as claimed in any of claims 1 to 3. wherein said loop Is comprised of tour 
A. C and 0 connected together by four valved conduits and Junction A is connected to Junctions D and C 
and Is further connected to a valved inlet feed stream conduit and a conduit to the inlet of said pressure 
mMTw. junrton Bte connected to Junctions D and C and is furt^ 

and ^roondult to the outlet of said pressure means and . Junction D is connected to Junctions A and B and 
s further connedsd by conduit to said inlet of the separation module(s) on the process side, and Junction C 

is conneclBd to Junctions A and B and is further connected to said outlet of the separation moduWs) on th^ 
process si^ 

5. An apparatus as claimed m any of claims 1 to 4. wherein said pressure means is a pump, 
a A method of sspareting soiutss. colWdal particles a^ 

of such matter. wWch comprises utiBzing an apparatus as claimed in any of claims 1 to 5. 

7. A method of separating solutes, colloidal particles and/or suspended matter Item a solution or susoension 
of such matter, which comprises:- u« urauopension 

(a) connecting a pump to a loop comprised of fbur conduit Junctions A. B, C and 0 connected together 

vah«d inlet feed stream conduit and a conduit to the inlet of said pump. Junction B is connected to 

junctions D and C and Is further connected to a valved discharge conduit and by conduit to the outlet of 
said pump, junction D is connected to junctions A and B and is ftirthsr connected by conduit to inlet 
meaitt of one or more separation module on the process side, and junction C Is connected to Junctions 
A and B and is Itirther connected to outlet means of said separation moduie(s) on the process side: 

(b) © pumpto^ said sohiHon or suspension into said valved conduit loop at conduit junction B, out of said 
valved conduit loop at conduit Junction D, through said separation moduiefs) and bade to said valved 
conduit loop at conduit Junction C:and^or » vwvbo 
00 rever^ the flow by pumping said solution or suspenston into said valved conduit loop at conduit 

f!^ ^ ^' ^ separation moduie(s) and 

back to said valved conduit loop at conduit junction 0; 

(c) recovering concentrate containing solutes, colloidal particles or suspended matter; and 

(d) withdrawing penneate from said separation moduie{s). 

8. A method as claimed in daim 7. wNch comprises the addHlonai step ofc 

(e)ciMning said separation module(s) by applying negative pressure to the process side of said separatton 
modute(s) and thereby drawing filtrate from (he filtrate side of said separation modubKs) Into theprocese 
side of said moduie(s). Into said valved condutt loop at conduit junction D. conduit junction C or a 

S^^urSSTi*"^ 

9. ARMthod tt cWrned in any of claims 6 to 8. wherein the or eadi separation module Is an ultrafiltration 
separation module or a microfiitration separation module. ""huouw 

«» or ead» separation module Is a holtow fiber ultraflliration 
separation nwduto or a hollow fiber mksofllirallon separation moduto. ""rwrowon 

Lir^IliltrS."!!? ^ to 5. whid, comprises applying 

<rf saw ssparatioo module^ ani 
thereby drawing flHrate liom the flHrate side of said separation module(s) Into thTproceas side of 
nuxnj(e(8). 

JLlll!!!!?^'^"'^***" *• " in Claim 4 and wherein the 

!L"^ *T.*T' of said separation moduie(s) into the process side of said modulefsX is 

then drawn into the valved conduit loop at conduH junction 0. conduit Junction C. or a combination th^ 
through valved conduH Jundlon A. into said pressure means and out of said valved conduH loco at ca^ 

junction B. -'V « uunun 
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